The objective of this study was to validate use of the washed rumen (WR) technique for rapid measurement of fasting heat production (HP) and respiratory quotient (RQ). Sixteen Holstein steers were divided into 2 groups of 8 for a comparison of measurements made during feeding (both groups; 16 steers) and fasting (8 steers; BW = 237 ± 17 kg) and using the WR model (8 steers; BW = 322 ± 30 kg). Steers were maintained in a controlled temperature (21°C) environment and treated as follows: 10 d diet adaptation, 1 d measurement of respiratory gases at 1.5 × NEm (Fed state; all steers d 11), 1 d measurement of respiratory gases under fasting conditions (Fasted; 8 steers d 12) or using the WR technique (8 steers d 12), and 7 d to monitor the reestablishment of intake. Steers were offered alfalfa cubes top-dressed with a mineral premix at 1.5 × NEm. Using an indwelling probe, core temperature (CT) and heart rate (HR) were monitored continuously during the days respiratory gases were measured. For fasting measurements using the WR technique, the reticulorumen was washed and refilled with ruminal buffer (NaCl = 96, NaHCO 3 = 24, KHCO 3 = 30, K 2 HPO 4 = 2, CaCl 2 = 1.5, and MgCl 2 = 1.5 mmol/kg of buffer) with Cr-EDTA aerated with 75% N 2 and 25% CO 2 before introduction to the rumen. Mean hourly CT, RQ, and daily HP between Fasted steers and WR steers were decreased for the WR steers on average from 8 to 24 h after removal of rumen contents (P = 0.049, P < 0.001, and P = 0.076, respectively). Fitting RQ data obtained during fasting to a 1-phase decay equation showed that plateau was achieved at 0.756 ± 0.003 and 0.719 ± 0.003 and time to plateau was 9 and 8 h for Fasted and WR steers, respectively. Mean RQ after WR were 0.778, 0.732, and 0.726 (SEM = 0.003) for time segments 0 to 8 h, 9 to 16 h, and 17 to 24 h, respectively. Mean fasting HP after WR was 18.8, 16.8, and 16.5 (SEM = 0.51) kJ/(h•kg 0.75 ) for time segments 0 to 8 h, 9 to 16 h, and 17 to 24 h, respectively. There were no significant differences in RQ and fasting HP (P = 0.23 and P = 0.81, respectively) between the time segment of 9 to 16 h and 17 to 24 h after rumen washing. In contrast, both RQ and HP differed (P = 0.090 and P = 0.081, respectively) across these same time segments for the Fasted group. Therefore, an accurate measurement of fasting HP can be obtained using a shorter-term measurement with the WR technique. This approach provides an alternative to the traditional 48 h fasting time or measurements made during the third and fourth day after starvation.
INTRODUCTION
Traditional measurement of maintenance energy requirements in ruminants uses estimates of fasting heat production (HP) made during the third and fourth day of fasting. The fasting HP measured by indirect calorimetry, along with urinary energy lost during the same period, is a measure of fasting metabolism, which by definition equates to NEm (NRC, 2000) . However, this approach has limitations, specifically the actual severity of stress and decline of physical activity induced by the extended fasting period required.
Although rumen fermentation brings numerous benefits to the host, such as the ability to use cellulose and NPN, the resultant products of fermentation are difficult to assess quantitatively. Among the many techniques devised for studying the impact of provision and use of specific nutrients, the washed rumen has been used effectively to study metabolism and absorption of nutrients under controlled conditions. Kristensen et al. (2002) and Harmon (2004, 2005) used the washed rumen (WR) technique to evaluate the effects of intraruminally administered VFA on portal-drained visceral and hepatic net fluxes and metabolism of VFA in cattle.
It was hypothesized that using the WR technique, in conjunction with accurate fasting HP estimates from short-term energy assessment, would emulate a fasting state of metabolism rapidly and, as a result, provide a more robust measure of fasting HP compared with the fasted methodologies and still exclude most of the energy required for digestion, related tissue deposition, and activity. Therefore, this study was conducted to evaluate the use of the WR technique for rapid measurement of fasting HP and respiratory quotient (RQ) and compare this with heart rate (HR) and core temperature (CT) as indicators of a basal metabolic rate.
MATERIALS AND METHODS
All experimental procedures involving animals were approved by the University of Kentucky Institutional Animal Care and Use Committee.
Animal, Feeding, and Management
This study was conducted to compare HP and RQ values between a fasted method and an alternative method using the WR technique. Sixteen Holstein steers were divided into 2 groups of 8 for a comparison of measurements made during feeding (Fed state; 16 steers) and fasting (Fasted; 8 steers; BW = 237 ± 17 kg) and using the WR model (8 steers BW = 322 ± 30 kg). Each steer was surgically fitted with a ruminal cannula (Bar Diamond Inc., Parma, ID) and during the ruminal cannulation procedure a radio telemetry device (CorTemp; HQ Inc., Palmetto, FL) was placed in the intraperitoneal cavity approximately 1 mo before the experiment to facilitate continuous measure and recording of CT. The steers were housed individually in 2.4-by 2.4-m pens during the 10-d adaptation and 7-d reestablishing of intake periods in an environmentally controlled room (21°C) with 16 h light and 8 h dark cycles. Steers were offered free access to water and were fed once daily (0700 h) alfalfa cubes (composition on percent DM basis: CP = 16.5, ADF = 37.2, NDF = 51.9, and NEm = 5.19 MJ/kg) top-dressed with a mineral premix (Kentucky Nutrition Service, Lawrenceburg, KY; NaCl = 92%, Zn = 5,500 mg/kg, Fe = 9,275 mg/kg, Mn = 4,790 mg/kg, Cu = 1,835 mg/kg, I = 115 mg/kg, Se = 18 mg/kg, and Co = 65 mg/kg) at 1.5 × NEm based on BW.
Experimental Procedure and Measurement
The experiment was conducted after steers were adapted to a cubed alfalfa-based diet at 1.5 × NEm for 10 d. Steers were placed into individual head boxes and respiratory gas exchange was continuously measured on 2 consecutive days to determine HP and RQ under the Fed state (d 11; 16 steers) and during fasting (d 12; 8 steers) or using the WR technique (d 12; 8 steers). On the day of gas exchange measurement, steers were placed in individual metabolism stalls fitted with indirect calorimetry head boxes during 2 consecutive days. The steers had been previously accustomed to the head boxes to adapt them to restraint and they could easily stand or lie down. The head boxes were described previously (Koontz et al., 2010) . Briefly, each head box (90 by 60 by 150 cm) was constructed of a stainless steel frame big enough to allow the animal to move its head unrestricted; 3 walls were composed of plexiglass windows, 1 of which was hinged to allow access for feeding and monitoring of the condition of the animal. The fourth side contained a large opening through which the head of the animal was placed into the chamber and surrounded by a canvas sheath extending from the opening, which was placed around the neck of the animal and tied at the base of the neck to minimize air leakage. The canvas sheath and negative air flow within the head box prevented respiratory gas escape from the chamber. Each head box was fitted with a waterer, feeder, and air-conditioning unit to maintain consistent temperature and relative humidity. Respiratory gases (O 2 , CO 2 , and CH 4 ) were measured for 24 h after the 0700 h feeding on d 11. The CT was measured using the radio telemetry device mentioned above, and HR was measured using a radio telemetry transmitter (WearLink; Polar Brand, Brooklyn, NY) attached to a heart-girth band. Data were recorded at 1-min intervals throughout 24 h on a data logger (CorTemp; HQ Inc.) and transferred to a computer for processing. The next day at 0700 h, the contents of the reticulorumen were removed using a wet/dry vacuum followed by rinsing with 10 L of tap water (39°C) and further rinsed 3 times with 10 L of saline (39°C). Ruminal buffer (NaCl = 96, NaHCO 3 = 24, KHCO 3 = 30, K 2 HPO 4 = 2, CaCl 2 = 1.5, and MgCl 2 = 1.5 mmol/kg of buffer) with Cr-EDTA (53.27 mmol Cr/kg of buffer) was aerated with a mixture of 75% N 2 and 25% CO 2 before incubation in the rumen (Kristensen and Harmon, 2004) . The ruminal buffer (15 kg) was placed in the rumen after completion of the washing, which was completed within 30 min. After adding buffer, respiratory gases were collected for analysis.
The contents from the reticulorumen were stored in a plastic barrel covered with straw and warmed (39°C) until reintroduction into the rumen at the end of the gas exchange measurement. Samples (6 mL) of the ruminal buffer were obtained without the need to open the rumen fistula by a tube mounted within the fistula cap at 0, 1, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20 , and 24 h of buffer incubation. The buffer samples were stored at -20°C until Cr analysis. After the calorimetry measurements were completed, the ruminal buffer was pumped out. The ruminal contents were reintroduced into the rumen, and the steers were returned to individual pens and fed. Feed intake and refusals were measured each day for 1 wk to determine the time needed for animals to resume intakes observed before fasting.
Urine was collected on d 11 and 12 via continuous suction using a rubber funnel system to be kept separate from feces by attaching to the ventral portion of the abdomen, which allowed collection of urine into a plastic collection vessel. The collection vessel contained sufficient H 3 PO 4 to ensure a final pH of 3.0 or less. The acidified urine was stored (-20°C) until analysis. Nitrogen contents of wet urine were analyzed by combustion using a Vario Max CN elemental analyzer (Elementar Analysensysteme GmbH, Hanau, Germany).
Feed samples were dried in a forced-air oven (at 60°C for 48 h) and ground through a 2-mm screen in a Wiley mill (Model 4; Thomas Scientific, Swedesboro, NJ). The dried ground samples were analyzed for DM and CP according to the procedure of the Association of Official Analytical Chemists (AOAC, 1990) . Neutral detergent fiber and ADF were determined according to Van Soest et al. (1991) using filter bags (ANKOM Technology Corporation, Fairport, NY). Heat-stable amylase and sodium sulfite were used in the NDF procedure and the results are expressed with residual ash. Metabolizable energy values were calculated using tabular values and NEm was calculated using equations from NRC (2000) .
Air flow from the head boxes was determined by individual mass flow meters (Columbus Instruments, Columbus, OH) and was maintained at 600 L/min during measurement of respiratory gas exchange. Respiratory gases were analyzed for O 2 with a magnetic gas analyzer (Paramagnetic Oxygen Sensor; Columbus Instruments) and CO 2 (Carbon Dioxide Sensor; Columbus Instruments) and CH 4 (Methane Sensor VIA-510; Horiba Ltd., Kyoto, Japan) concentrations with an infrared gas analyzer. Inspired and expired gases were collected at 9 min intervals using Oxymax Software (Columbus Instruments). Before the gas exchange measurements, gas analyzers were calibrated with reference gas mixtures (19.88% O 2 , 0.683% CO 2 , and 652 mg/L CH 4 ). The validity and accuracy of the expired CO 2 and inspired O 2 flows on each head box were checked by propane combustion (recoveries were 98.0 ± 6.3 and 105.8 ± 1.0 of expected CO 2 production and O 2 consumption, respectively). The Cr concentration in the ruminal buffer was analyzed by atomic absorption spectroscopy (PerkinElmer AAnalyst 200; PerkinElmer, Waltham, MA).
Calculations and Statistical Methods
Heat production was calculated using the equation of Brouwer (1965) , with O 2 consumption, CO 2 and CH 4 production, and urinary N excretion values obtained on days of gas exchange measurement determined during the Fed, Fasted, and WR states. Heat production was expressed relative to metabolic body size (BW 0.75 ). The RQ was calculated as the ratio of the volume of CO 2 released to the volume of O 2 consumed.
The plateau of RQ was estimated using nonlinear regression analysis to a 1-phase decay equation using GraphPad Prism 5 (GraphPad Software, Inc., La Jolla, CA) and the following equation:
in which t is time in hours, Y(t) is the RQ value, A is the difference between Y value at time 0 and at plateau, Plateau is the Y value at infinite time, and k is the rate constant.
The fluid kinetics from the ruminal buffer was estimated using the following equation in GraphPad Prism 5 (GraphPad Software, Inc.):
in which t is time in hours, Y(t) is concentration of Cr in ruminal buffer, A is Cr intercept at time 0, and k is rate constant for disappearance of Cr from the rumen. Mean retention time of ruminal buffer was calculated as the reciprocal of the passage rate constant. The suitability of simple exponential relationships to describe passage rates of the ruminal buffer was assessed by considering goodness of fit (r 2 ) and an analysis of the residuals from the resulting equation.
The statistical model used individual steer as the experimental unit. The CT, HR, HP, and RQ for each steer were averaged over day and within each hour and then analyzed as a split-plot design using the MIXED procedures (SAS Inst. Inc., Cary, NC). The model included animal within treatment, treatment, hour, and treatment × hour. Significance of treatment effects were tested using animal within treatment as the error term (whole plot). The least squared means, SEM, and probabilities were obtained from Type III mean square using animal within treatment as the error term. Significance of hour and the hour × treatment interactions were tested using the residual mean squares as the error term (subplot). To examine the relationship between HP and HR, and RQ, the Pearson CORR and REG procedure of SAS were used and assessed by considering goodness of fit (r 2 ).
RESULTS
The experimental protocol to induce a fasting state by using the WR technique did not affect the apparent health or well-being of the steers in the days after sampling. Furthermore, feed intake for the postwashed rumen steer was unaffected by the washing and refilling of ruminal contents compared with that of prior. The steers consumed an average of 7.08 ± 0.49 kg DM/d of the alfalfa cubes during both the adaption period for 10 d and the period after the WR measurements for 7 d. There were no feed refusals during the experiment.
For the comparison of Fasted and WR we felt it was important to estimate when animals equilibrated. We estimated the time for RQ to decline and stabilize by using a 1-phase decay exponential equation. The RQ had fallen to the 0.72 range by 8 h (range = 6.6 to 10.3 h) and to 98% of plateau by 12 ± 2 h (mean ± SEM) after removing the rumen contents for the WR steers and to the 0.76 range by 9 h (range = 6.1 to 17.4 h) and to 98% of plateau by 20 ± 6 h for the Fasted steers. The estimated equations for the Fasted steers and the WR steers are as follows: Y = 0.0570 × exp (-0.1104t) + 0.7559 (r 2 = 0.653) and Y = 0.0957 × exp (0.1251t) + 0.7189 (r 2 = 0.516), respectively. This implies that RQ in the WR can be measured starting at 8 h after rumen washing and continuing through 24 h. This was confirmed by dissociating the data into 3 segments: 0 to 8 h, 9 to 16 h, and 17 to 24 h. The mean RQ from 8 to 16 h and from 17 to 24 h were not different in the WR steers (P = 0.24) whereas the mean RQ from 17 to 24 h was lower (P = 0.09) compared with that from 8 to 16 h in the Fasted steers. Mean fasting HP was also not different (P = 0.83) between the same time periods in the WR steers whereas the mean fasting HP from 17 to 24 h was lower (P = 0.081), compared with that from 8 to 16 h in the Fasted steers. The data were as follows: mean RQ was 0.789, 0.767, and 0.757 (SEM = 0.003) in the Fasted steers and was 0.778, 0.732, and 0.726 (SEM = 0.003) in the WR steers for the time segments of 0 to 8 h, 9 to 16 h, and 17 to 24 h, respectively. Mean fasting HP was 20.0, 17.9, and 17.0 (SEM = 0.4) in the Fasted steers and was 18.8, 16.8, and 16.5 (SEM = 0.5) kJ/(h•kg 0.75 ) in the WR steers for time segments 0 to 8 h, 9 to 16 h, and 17 to 24 h, respectively.
Comparison of mean hourly CT, HR, and RQ and daily HP between the 2 groups during the fed period are presented in Table 1 . The CT was higher (P = 0.013) for Fasted steers whereas HR, HP, and RQ were not different between groups (P = 0.79, 0.51, and 0.46, respectively).
Mean hourly CT and RQ and daily HP between Fasted and WR steers were lower for the WR steers on average from 8 to 24 h after removal of rumen contents (Table 2 ; P = 0.049, P < 0.001, and P = 0.076, respectively). Heart rate did not differ.
In comparison of the patterns, CT was lower for the WR steers than Fasted steers over the entire sampling period (Fig. 1) . The CT for both steer groups were relatively stable when they were presented from 8 to 24 h of measurement after removal of rumen contents Both groups were fed with alfalfa cubes at level of 1.5 × NEm based on the BW. Core temperature: Fasted is n = 5 and WR is n = 4; Heart rate: Fasted is n = 6 and WR is n = 7; Heat production and respiratory quotient: both are n = 8.
2 Probability of a greater F statistic. Core temperature: Fasted is n = 5 and WR is n = 4; Heart rate: Fasted is n = 6 and WR is n = 7; Heat production and respiratory quotient: both are n = 8.
2 Probability of a greater F statistic.
or fasting but again lower for the WR than Fasted steers on average in those time segments (Table 2 ; Fig. 1 ). Heart rate for both steer groups declined after feeding ( Fig. 2 ) but was relatively stable over the sampling period. Heat production declined for both groups after feeding and was stable over the sampling period (Fig. 3) . Mean daily HP for Fasted steers declined 32% compared with steers fed alfalfa cubes of 1.5 × NEm whereas WR steers declined 38%. A similar pattern was seen for RQ in that RQ declined after feeding; however, RQ stabilized around 0.76 for Fasted steers whereas the RQ for WR steers was stable at approximately 0.72 (Table 2 ; Fig. 4) . Correlations among HP, HR, and RQ are presented in Fig. 5 . The HP for both groups of steers was highly associated with HR (r 2 = 0.882, P < 0.001 and r 2 = 0.941, P < 0.001, respectively) and RQ (r 2 = 0.942, P < 0.001 and r 2 = 0.914, P < 0.001, respectively). When fed, Fasted and WR groups were compared separately there was a close correlation between HR and HP in fed steers (r 2 = 0.790, P < 0.001 and r 2 = 0.857, P < 0.001, respectively), and a correlation existed in WR steers as well (r 2 = 0.390, P = 0.001). However, there has no correlation between HR and HP in the Fasted steers (r 2 = 0.043, P = 0.33).
Likewise, a linear relationship existed between RQ and HP in both groups of fed steers (r 2 = 0.871, P < 0.001 and r 2 = 0.800, P < 0.001, respectively) and the Fasted (r 2 = 0.789, P < 0.001) or WR steers (r 2 = 0.535, P < 0.001).
Buffer passage rate from the rumen was calculated to be 0.12 ± 0.01%/h (Fig. 6 ). Retention time of labeled buffer, calculated as 8.2 h, ranged from a high of 9.0 h to a low of 7.4 h among the WR steers.
DISCUSSION

The Experimental Model
The process of covering the ruminal contents with straw and storing at 39°C until reintroducing into the rumen appears to have been highly effective without adverse effect on intakes. Steers returned to preremoval Comparison of heart rate patterns between steers that were fasted (♦) or using the washed rumen technique (■). The steers were fed with alfalfa cubes at 1.5 × NEm based on BW on the morning of the first day and the next day were fasted or incubated with 15 kg ruminal buffer for 24 h. Error bars are SEM (partly covered by the symbols). feed intake the first day and intake remained stable for 7 d. This process may have been aided by the restricted intake; however, intakes at 1.5 × NEm are highly acceptable for growing steers on an all forage diet. In addition, animals commonly are fed to prevent them losing weight for measurement of NEm (Blaxter and Wainman, 1966) . Previous studies in which cattle have been adapted to restricted nutrition before fasting with HP measured after a 3 to 4 d fast may lead to underestimates of fasting HP because prolonged fasting can decrease the basal metabolic rate and induce ketosis. Because our focus was to evaluate the methodology we chose to make measurements after an adaptation period at 1.5 × NEm.
Core Body Temperature and Heart Rate
Body temperature is maintained relatively constant in homeotherms, and physical, chemical, and in part biological processes are affected by temperature. Generally, average daily body temperatures for cattle fall within a range of 38.0 to 39.4°C (Lefcourt et al., 1999; Hicks et al., 2001) . Temperatures recorded in the current study were lower than those reports for steers from both the WR and Fasted groups. Body temperature in cattle is highly dependent on its measured location (Firk et al., 2002 ) because of differences in metabolic rate, blood flow, or distance from the surface. Attempts to measure body temperature of cattle have been made from various anatomical locations such as the rectum, tympanic, vagina, reticulorumen, intraperitoneal cavity, and udder. Among these, the reticulorumen temperatures are the most dependent up on the quantity and temperature of water consumed as the reticuloruminal environment is directly affected by feed and water intake (Brod et al., 1982) , and responses to water intake can vary by cow (Bewley et al., 2008) . The quantity and temperature of ingested water could have impacted our results in steers because of the location of radio telemetry device used to continually measure CT (i.e., below the reticulorumen in the intraperitoneal cavity). In addition, CT is typically 0.5°C less than reticulorumen temperatures (Bewley et al., 2008) . However, we confirmed that the correlation between HP and CT was high (r 2 = 0.812, P < 0.001). Also, 1 of the early effects of fasting are a reduction in the body temperature, a decrease in the use of glucose, and a decrease in blood flow as well as a reduction in the rate of metabolism in various organs (Levy, 1959; Holdcroft, 1980) . A second factor that could have impacted CT is rumen motility. Attebery and Johnson (1969) demonstrated that body temperature would be directly influenced by rumen motility. Both washing the rumen and fasting would depress motility because of the lack of scabrous material in the rumen. Removal of rumen contents results in significant declines in both amplitude and frequency of rumen contractions (Attebery and Johnson, 1969) . However, based on our measurement of ruminal outflow some amount of motility was maintained.
In ruminant animals, heat is also generated in the rumen during microbial fermentation. Microbial activity during fermentation accounts for 3 to 8% of the total HP (Czerkawski, 1980) . Heat production in the rumen creates a heat load that can dissipate from the rumen to the body. Therefore, decreased CT for WR steers may affect total HP by removing a source of heat. However, they appear to compensate for this loss as CT was increasing from 40 to 48 h in WR steers.
Feeding and rumination are generally associated with after HR. Brosh et al. (1998) reported that HR was higher in cows fed a high-energy diet than a low-energy diet and increased during and after feeding. Eating is associated with cardiovascular changes (Osuji, 1974) , and portal blood flow is related to intake of ME in cattle (Lomax and Baird, 1983) . Therefore, it is to be expected that activity by these various systems increases during eating and will contribute to the elevated metabolic rate associated with eating whereas fasting will decrease metabolism and blood flow. The HR varies with the rate of respiration and changes with blood pressure and as the need of the body to absorb oxygen and excrete carbon dioxide changes, such as during exercise or sleep and with eating or fasting. The HR for WR steers was 33% lower than that of Fed steers. The effect of washing the rumen on HR has been consistent with earlier fasting studies (Rumsey and Bond, 1972; Rumsey et al., 1973 Rumsey et al., , 1980 . The current study confirmed that HR was 30 to 37% less in fasting compared with that of Fed steers in Rumsey et al. (1980) . This suggests the response to fasting and washing the rumen on HR is similar, reflecting that changes in oxygen and carbon dioxide may be similar. In addition, a strong positive relationship existed between HR and RQ (r 2 = 0.862, P < 0.001) as well as HR and CT (r 2 = 0.861, P < 0.001).
Heart rate has been widely used as a means to estimate the energy expenditure in animals as well as in humans because of the high correlation with continuous HP measurements in individuals (Webster, 1967; Brosh et al., 2002) . However, this high correlation did not exist in the case of Fasted and WR steers (Fig. 5) . This result could be explained by the fact that maintenance energy includes energy expenditures associated with feeding and physical activity, which is removed in these steers. Derno et al. (2005) also reported that HR, which was taken after a 17 h feed withdrawal, did not correlate with maintenance energy values.
Heat Production and Respiratory Quotient
The HP is directly related to level of energy intake in cattle (Lobley et al., 1987) reflecting the general change in metabolic rate of body tissues as energy intake increases or declines. Feed quality and quantity influence activity patterns including time spent eating, chewing, standing, and lying and thereby alters HP. For instance, straw feeding decreased HP compared with dried grass, and HP during standing was greater than that during lying (Derno et al., 2005) . In addition, fasted animals are less physically active than fed animals. It has been reported that fasting causes a decrease in the utilization of glucose and a decrease in blood flow as well as a reduction in the rate of metabolism in various organs (Levy, 1959) . In the present study, decreased HP for the WR steers may be due to a lessening of stimulatory properties associated with mastication and microbial digestion and heat increment associated with the assimilation of fermentative end products. Microbial digestion will be minimal in the washed rumen. Also, ruminal motility may be depressed because of a lack of stimulatory material in the rumen. Attebery and Johnson (1969) reported that fasting had decreased the amplitude and frequency of ruminal contractions by 70 and 38%, respectively, in comparison with fed Holstein cows. Morriss et al. (1980) reported that fasting decreased mean arterial blood pressure, suggesting that fasting may depress ruminal motility because the ruminal arterial blood flow is a major supply for the posterior and ventral parts of the rumen (Sellers et al., 1964) . One goal of the present study was to use liquid passage to monitor motility in the WR steers as it was anticipated that motility would decrease greatly and it has been shown that liquid outflow may cease during periods of ruminal stasis (Harmon et al., 1985) . It can be inferred from the fluid kinetics of Cr-EDTA in the WR steers that some motility was maintained; ruminal buffer passage rate (0.12%/h) and retention time (8.2 h) were not greatly different than animals fed a typical diet. Liquid passage rates was 6.3 ± 0.7%/h for steers fed alfalfa hay (Teeter and Owens, 1983) , and passage rate and retention time were 7.0 ± 0.5%/h and 14.6 ± 1.0 h for Holstein steers fed mixed hay diet with alfalfa hay, respectively (Kattnig et al., 1992) . Buffer outflow rate was lower (1.9 ± 0.2 L/h) in the WR steers in comparison with animals fed alfalfa pellets, where liquid turnover rate and dilution rate were 4.1 ± 0.4 L/h and 6.9 ± 1.9%/h in steers, respectively (Judkins et al., 1987) . The outflow may also reflect a basal level of salivary flow.
Oxygen consumption by animals is positively related to level of intake and the decrease in RQ and HP during fasting is directly related to intake (Lomax and Baird, 1983; Lobley et al., 1987) . The decline in RQ for the WR steers is indicative of changes in oxidative substrate because fasting RQ is primarily related to the fatty acid use by tissues. The range of RQ for organisms in metabolic balance usually ranges from 1.0 (representing the value expected for pure carbohydrate oxidation) to approximately 0.7 (the value expected for pure fat oxidation). In the present study by removing rumen contents the time for RQ to decline and stabilize was estimated. Historically, fasting of animals has been used for the estimation of the basal metabolic rate. Measurements of the fasting metabolism are generally made during the third and fourth day after withdrawal of feed from the rumen, when the RQ has usually fallen to approximately 0.7 (Blaxter and Wainman, 1966) . However, the results are varied with the length (day) of fasting. Average daily RQ values decrease with day of fasting (Blaxter and Wainman, 1966) . These authors reported that the mean RQ values on first, second, third, and fourth days of fasting were 0.818, 0.767, 0.732, and 0.700 in 100 to 200 kg steers, 0.881, 0.753, 0.715, and 0.723 in 200 to 300 kg steers, and 0.958, 0.821, 0.788, and 0.729 in 300 to 400 kg steers, respectively. It is noteworthy that day of measurement influences the basal metabolic rate greatly in cattle. Moreover, HP was usually but not invariably less on the fourth day than on the third day of fasting. Even though there are no differences between the third and fourth day, the choice of time after cessation of feed at which to measure metabolism is arbitrary, because CH 4 production in steers as with sheep (Blaxter, 1962) does not cease even after 5 d without feed (Blaxter and Wainman, 1966) . However, a fasting RQ value was achieved at 0.72 using the WR technique in this study. Therefore, the current results support applying the WR technique as a way to predict energy required for maintenance in cattle compared with the traditional 48 h starvation technique. Our data indicate that we were successful in producing a fasting state within 24 h by using the WR technique; fasting HP was 399.2 ± 7.9 kJ/(d•kg 0.75 ), which is similar to the values from Eisemann and Nienaber (1990) who reported 396.6 ± 5.4 (BW = 426 ± 2 kg) and 400.8 ± 19.7 (BW = 339 ± 2 kg) kJ/(d•kg 0.75 ) after fasting for 48 h. The comparison suggests that this technique is adequate to evaluate fasting HP as an alternative to the Fasted method.
Furthermore, Mills and Jenny (1979) reported that depriving animals feed and water for 3 d results in stress. The deprivation resulted in elevated concentrations of glucocorticoids and FFA and declining concentrations of insulin after 72 h fasting in heifers compared with 24 h fasting. The decreasing concentrations of plasma insulin could allow the glucocorticoids to express a ketogenic effect resulting in the release of FFA from adipose tissue by fasting and could increase the rate of AA release from muscle. Although blood metabolites were not investigated in the present study, a fasting state was achieved using the WR technique for 24 h on the second day of fast. Therefore, it can be inferred that applying the WR technique is a more rapid and less stressful means to predict the energy required for maintenance in cattle.
Conclusion
Emptying the rumen presents the unique characteristic of shutting down the main source of energy into the ruminant in minutes. A fasting state was achieved using the WR technique in this study; CT, HR, HP, and RQ were 36.7 ± 0.2°C, 44.1 ± 1.7 beats/min, 399 ± 8 kJ/(d•kg 0.75 ), and 0.729 ± 0.003, respectively. The values are stable from 8 to 24 h after removal of rumen contents. The rapid nature of inducing the fasting state may minimize stress on the animal and minimize changes in organs and tissues that can occur with 3 to 4 d of fasting, thereby providing a more accurate estimate of fasting HP. Therefore, the WR technique may permit determination of accurate estimates of the energy required for maintenance within shorter time periods than fasted approaches, and this approach may provide an alternative to the traditional 48 h fasting method or measurements made during the third and fourth day of starvation.
